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SPECIFICATION 

Method for giving electric conductivity to moulded polymer articles 

5 The present invention relates to a method for giving electric conductivity [hereinafter electric conductivitv 
(e^tncal iy conductive) is simply referred to as conductivity (conductive)] to n^oZed^^sSZd 

Tto tfir H^r IrtSo™ 'T'"' '^"""""'^'^ articiL oT,::riTus poly^^^^^^ 

there are knoTn tShl^f ° T L"^ -""eriais to give conducitivity thereto, 

in l„!.f T ""^ «""P"se treating a macromolecular material having functional groups e a 

7^"s lZTuSZ7^^^^^^^ """^ °' "^^'^"^ '^^■'^"^ ' macromolecular material Eg open 
fa mino rrfnl^J , f """""'"'"^ " ""PP^"" ^"^^ « ^^'"'"■"S ^ulfur Compound thereby 

ZTc Jnl^^Tr T °?,?='„o °" ^"^'"^^ °^ macromolecular material (Japanese Patem 

onlv a^^^^^^^ ^"'^ ^63708/84). However, these techniques in any else 

1 S ZTrlu^t^ ''^ ^T' "'^'"^ 'P'"'"° °^ '° P^'y"'^^ "'Aerials provided with either 

1 5 open cells rn their superficial regions or rough surfaces by a previous treatment 

It has been our object to provide high conductivity to either moulded articles of polymers which contain none 
of such specfic functional groups as mentioned above or moulded polymer articles which have received no 
specal surface treatment such as surface roughening. It has also been our object to rhieve Ts Stho!^ 
destroying the transparency of the article, if it is transparent 

col^d ^TJlTf 71" T ^'"""'^^'^ P'^'V'^er article where the adhesion or inclusion of copper sulfide 

^iT^oil nlZa'T' " °' "''"^^ ^"'"^^ '''' by the moulded 

polymer article in an aqueous solution containing a copper salt and a reducing sulfur compound in the presence 

stx:pSdttrr^^^^^^^ 

he^t TrSlmtnrJtta^ ? ^ • ^'"'"^ conductivity to moulded polymer articles comprises 
heat-treatment of the articles in an aqueous solution containing a reducing sulfur compound a copper salt that 

•,n .J^ ^° the "loulded polymer article to which the method of the invention is applied, the polymer can be freelv 
30 chose,, without particular restriction on its kind, from themioplastic or themiosetting rels inTdi^ f or 

resin, polyester resin, polycarbonate resin, polyphenylene sulfide resin, polyacetal resin, phenolic esin S^d 

oSrredii ''f °' ^"'■'^'^^ ^"^'^^ ^'^^ '^''^^'^ °* '"vention is appHrab" e may be 
of intermediate po ymenc materials, i.e., shapes of powders, pellets, filaments, rods, films, plat^etc and mav be 

l^hol^^nifn '"''"'''^ '"^"^''''^ P°'y-«^ ?y a v^SiyT/pm^^^^^ 

methods including extrusion, compression moulding, injection moulding, etc. While applicable to ooaaue 
mou ded po ymer articles, the method of the invetnion is favourably applied to colouJedTco ou°^^^^^^^ 

Zl^.n'^'""' T"' ""^"^"^ "e given to such transparent articles without imSg thr^^ 
transparency according to the present method H«i""a meir 

^ rei« !;jth' sTu'r h' "1 '""^"^ ^° polymer articles can 40 

react with sulfur of the reducing sulfur compound to form copper sulfide. Preferred copper salts herein are for 
example, cupnc sulfate, cupric chloride, and cupric nitrate. ' 

Suitable reducing sulfur compounds include, for example, sodium thiosulfate, sodium hydroqensulfite sodium 
pyrosulfrte, sodium sulfide, and sodium hydrogen sulfide, of which sodium thio^u^fat^Ts pJefS 

45 The water-soluble basic salt of nitrogen-containing organic compound having at least 1 2 carbon atoms is 4i5 

saTt™h'::ri''°"v^'^T°"^ 

salts such as laurylamine hydrochloride, dodecylmethylamine hydrochloride, octadecyltrimethyldodecTm 
ZTc 1 Ba?c bI't' ^I'-aroup including basic dyes such as C.I. Basic Blue ^'cTSt^ltTi. Basic 
Blue 5. C.I. Basic Blue 7, CI. Basic Violet 1, and CJ. Basic Green 4 FC I Is COLOUR rwriFY An..hiioKiw kwTuV 
compol°' ''''' '^"^ COLOURISTS)]. Preferably the nirgeV-SnSiSg^col^:^^^^^^^^^ 50 

,ai?rVlno7/r ^'""^ accomplished by immersing it in an aqueous solution containing 

rolZn h ' o^"' compound, and water-soluble basic salt of nitrogen-containing organic 

55 .rrr I ^ ^ '"'^ ^""^P"' sP'^t'o"- P^ferably. the folded polymer 

formed aTthllh" '""'""f * '^"'"^"^"'^ °^ ^''^"^ ^SX, where no copper sulfide is yet 55 

S th! hrtfno I, «''"«°""f '"t'on IS heated. Rapid heating of the solution should be avoided. Suitable rates 
of the heating are about 1 to 1 0'C/min. The upper limit of the heating temperatures should be below the 
temperature at which the molded polymer article to be treated begins defomiing 

60 wiinhr .^nTnf '"^'l''^" ^^'^ '^"^ '"'^"'^ Concentrations of the copper salt are 0.01 to 5% by 

Th > '''^"'i'"^ "^""P"""^ ^""''"^'^^ ^'th the used copper salt or slightly excess 60 

h7coH ;„ 1 "'t^ogen-containing organic compound is used desirably in an amount of 0.1 to 10% by weight 
based on the used copper salt. 

forminn r""^"' 'T."''"": '"u ''""P^"' '^^"^ ""'^^ ''"'"^'"S compound during the treatment. 
65 L3ver hS.'nl ; ^^''=l'"«y f^.": ^^'y «"« monomolecular-like particles into large agglomerates. 
65 However, before particles of the copper sulfide grow into such agglomerates, the water-soluble tosic salt of 65 
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26 (0, TOtmen,. a„d du^tion ,5 Xl, °' <" «» «,a»» «,la«on 

The following examples illustrate the present Invention. 

40 

Example 1 

Plates and films of various polymers shown In the following table were each iifime^PH in a -j^-r = 
45 maintained at this temperature for 20 min to treat the niatp n, fill . k u '° ^ ^ 2*C/min and 

arJ^h^wnX^^^ ^""^^ ^^^^ — electric resistance. Results of the measurement 

InveSor ^"^ ^'^^^ Poly-ers according to the 50 
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TABLE 1 
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Polymer 

Poly (methyl methacrylate) 

Polyethylene terephthalate 

Polycarbonate 

Polypropylene 

Polyethylene 

Poly (vinyl chloride) 

Poly (vinylidene chloride) 

Polystyrene 



Type of 
shape 

Plate 

Film 

Plate 

Film 

Film 

Film 

Film 

Plate 



Surface electric 
resistance (^/cm^) 



2 X 
2 X 

2 X 

3 X 
2 X 
2 X 
6 X 
5 X 



102 
102 
102 

102 
102 
102 
102 
102 



Amour^t of 
copper sulfide 
fixed (glcrrt^) 



3.0 X 



10-s 
1.4 X 10-5 
10-5 
10-5 
10-5 

10-5 

1.0 X 10-5 
1.0 X 10-5 



1.6 X 

1.4 X 

1.7 X 

1.5 X 
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Polymer 

Polyacetal 
ABS resin 
Phenol resin 
Epoxy resin 
Polyphenyiene sulfide 
Poiyimide 

Aromatic polyamide 



TABLE 1 (continued) 








Amount of 


1 ypG Of 


ounace Giectrtc 


copper sulfide 


StlBpB 


resistance fCl/cm^) 


rixea {Qlcrtr) 


Plate 


2 X 


2.0 X 10 * 


PIfltA 

riaie 


2x10^ 


2.2 X 10-5 


Plate 


8 X 102 


1.8 X 10 ' 


Plate 


3 X 10^ 


1.8 X 10-s 


Rim 


8 X 102 


1.5 X 10-5 


Film 


2 X 102 


1.7 X 10-5 


Film 


3 X 102 


1.5 X 10-5 



by usmg an aqueous solution containing 0.2 wt% of cupric sulfate (SH^O) and 0.2 wt% of sodium thiosulfate 
(5H2O). The results showed that no conductive layer of copper sulfide was formed on or in any polymer plate or 
film treated, that is, no conductivity was given thereto. 

20 Example! 

A 100-nm thick clear polyethylene terephthalate film was immersed In a 25X aqueous solution containing 0 2 
wt% of cupric sulfate (SH^O), 0.2 wt% of sodium thiosulfate (SH^O), and 0.002 wt% each of water-soluble basic 
salts of nitrogen-containing organic compounds shown in the following table. The solution was heated with 
stirring up to 70*C at a rate of 2'C/min and maintained at this temperature for 20 min to treat the film, which was 
25 then washed with flowing water and dried. Thus a superficial layer brown-green colored with copper sulfide was 
provided to the film. 

The films treated in the presence separately of various water-soluble basic salts of nitrogen -containing organic 
compounds were measured for surface electric resistance and light transmittance (wavelength 550 nm). Results 
of the measurement are shown in the following table. 
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TABLE 2 



Water-soluble basic salt of 
n/trogen-containing organic 
compound 

C.I. Basic Blue 1 
C.I. Basic Blue 3 
C.L Basic Blue 5 
C.I. Basic Blue 7 
C.I. Basic Violet 1 
C.I. Basic Green 4 



*The light transmittance of the untreated film was assumed as 100%. 
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Surface electric resistance 


Light transmittance* 




(Q/cm^J 


(%) 


35 


6 X 102 


61 




8 X 102 


64 




2 X 102 


53 




2 X 102 


52 


40 


3 X 102 


54 




6 X 102 


58 





Example 3 

A plain-woven fabric composed of polyethylene terephthalate filaments of 5d monofilament size was 
immersed at a bath ratio of 1:10 in a 25X aqueous solution containing 0.2 wt% of cupric sulfate (5H2O), 0.2 
wt% of sodium thiosulfate (5H2O), and 0.002 wt% of hexadecyltrimethyiammonium chloride. The solution was 
50 heated to 85'C at a rate of 1 X/min. Then the fabric was washed with water and dried. The treated fabric showed 
brown -green color. ^ 

Cross sections of monofilaments constructing the treated fabric were observed with a microscope, thereby 
confirming the presence of a superficial layer of copper sulfide in each monofilament. The treated fabric was 
found to have a surface electric resistance of 2 x 102 n/cm2 thus exhibiting excellent conductivity. 

55 

Example 4 

A 3-mm thick clear poly (methyl methacrylate) resin plate was immersed In a 25'C aqueous solution 
containing 0.25 wt% of cupric chloride (2H2O), 0.4 wt% of sodium thiosulfate, and 0.006 wt% of 
octadecyltrlmethylammonlum chloride. The solution was heated with stirring up to 70'C at a rate of 1 0'C/min 
60 and maintained at this temperature for 20 min to treat the plate, which was then washed with flowing water and 
dried. 

Thus a superficial conductive copper sulfide layer of 1 .6 x lO'^ g/cm2 was formed in either side of the resin 
plate. This resin plate exhibited a surface resistance of 2 x 102 n/cm2 and a light transmittance (wavelength 
550 nm) of 65%, thus having excellent conductivity and transparency. 
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CLAIMS 

1 . A method for giving electric conductivity to molded polymer articles which comprises heat-treatment of 
the articles in an aqueous solution containing a copper salt a reducing sulfur compound* a copper salt that can 

5 be reduced by the sulfur compound and a water-soluble basic salt of nitrogen-containing organic compound 5 
having at least 1 2 carbon atoms. 

2. The method of Claim 1 , wherein the copper salt is at least one member selected from the group consisting 
of cupric sulfate, cupric chloride, and cupric nitrate. 

3. The method of Claim 1 , wherein the reducing sulfur compound is at least one member selected from the 

10 group consisting of sodium thiosulfate, sodium hydrogensulfite, sodium pyrosulfite, sodium sulfide, and sodium 10 
hydrogensulfide. 

4. The method of Claim 1 , wherein the water-soluble basic salt of nitrogen-containing organic compound 
having at least 1 2 carbon atoms is at least one member selected from the group consisting of iaurylamine 
hydrochloride, dodecylmethyjamine hydrochloride, octadecyltrimethylammonium chloride, hexadecyl- 

1 5 trimethylammonium chloride, tetradecyltrimethylammonium chloride, and benzyldimethyldodecylammonium 1 5 
chloride. 

5. The method of Claim 1 , wherein the water-soluble basic salt of nitrogen-containing organic compound 
having at least 12 carbon atoms is at least one member selected from the group consisting of C.l. Basic Blue, C.I. 
Basic Blue 3, C.l. Basic Blue 5, C.l. Basic Blue 7, C.l. Basic Violet 1, and C.l. Basic Green 4. 

20 6. The method of Claim 1 , wherein the molded polymer articles are formed of at least one member selected 20 
from the group consisting of acrylic resin, poiyolefin resin, poly (vinyl chloride) resin, poly (vinylidene chloride) 
resin, polystyrene resin, polyester resin, polycarbonate resin, poiyphenylene sulfide resin, polyacetal resin, 
phenolic resin, and epoxy resin. 

7. The method of Claim 1 , wherein the aqueous solution used for the treatment contains 0.01 to 5% by 

25 weight of the copper salt. 25 

8. The method of Claim 1 , wherein the aqueous solution used for the ueatment contains the reducing sulfur 
compound in an amount at least equimolar with the copper salt. 

9. The method of Claim 1 , wherein the aqueous solution used for the treatment contains 0.1 to 1 0% by 
weight based on the copper salt of the water-soluble basic salt of nitrogen-containing organic compound 

30 having at least 1 2 carbon atoms. 30 

1 0. The method of Claim 1 , wherein the molded polymer articles are immersed in the treating solution at 
room temperature before heating of the treating solution. 

11. An electrically conductive molded polymer article obtained by the method set forth in Claim 1 . 

35 Amendments to the claims have been filed, and have the following effect- 35 
*(b) New or textually amended claims have been filed as foiiows:- 

1 . A method for giving electric conductivity to molded polymer articles which comprises heat-treatment of 
the articles in an aqueous solution containing a reducing sulfur compound, a copper salt that can be reduced by 
the sulfur compound and a water-soluble basic salt of nitrogen-containing organic compound having at least 12 

40 carbon atoms. 40 
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